A microcrystalline carboxyl-functionalized imidazolium chloride, namely 1-carboxymethyl-3-ethylimidazolium chloride, C7H11N2O2+center dot Cl-, has been synthesized and characterized by elemental analysis, attenuated total reflectance Fourier transform IR spectroscopy (ATR-FT-IR), single-crystal X-ray diffraction, thermal analysis (TGA/DSC), and photoluminescence spectroscopy. In the crystal structure, cations and anions are linked by C-H center dot center dot center dot Cl and C-H center dot center dot center dot O hydrogen bonds to create a helix along the [010] direction. Adjacent helical chains are further interconnected through O-H center dot center dot center dot Cl and C-H center dot center dot center dot O hydrogen bonds to form a (10(1) over bar) layer. Finally, neighboring layers are joined together via C-H center dot center dot center dot Cl contacts to generate a three-dimensional supramolecular architecture. Thermal analyses reveal that the compound melts at 449.7 K and is stable up to 560.0 K under a dynamic air atmosphere. Photoluminescence measurements show that the compound exhibits a blue fluorescence and a green phosphorescence associated with spin-allowed ((1)pi <-(1)pi*) and spin-forbidden ((1)pi <-(3)pi*) transitions, respectively. The average luminescence lifetime was determined to be 1.40 ns for the short-lived ((1)pi <-(1)pi*) transition and 105 ms for the long-lived ( (1) 
H···O hydrogen bonds to form a (10-1) layer. Finally, neighboring layers are joined together via the C-H···Cl contact to generate a three-dimensional supramolecular architecture. Thermal analyses reveal that the compound melts at 176.7 °C and is stable up to 287.0 °C under dynamic air atmosphere. Photoluminescence measurements show that the compound exhibits a blue fluorescence and a green phosphorescence associated with spin-allowed ( 1 π ← 1 π*) and spin-forbidden ( 1 π ← 3 π*)
transitions, respectively. The average luminescence lifetime is determined to be 1.40 ns for the short- Keywords: Carboxyl-functionalized imidazolium salt; hydrogen-bonding interaction; singlecrystal X-ray diffraction; thermal analysis; photoluminescence spectroscopy
Introduction
In the last few decades, ionic liquids (ILs) have attracted considerable attention of many chemists because of their distinctive properties such as low melting point, negligible vapor pressure, high chemical and thermal stability, extraordinary solvating capacity for organic and inorganic compounds, high ionic conductivity, and wide electrochemical window (Seddon, 1997; Welton, 1999; Wasserscheid & Keim, 2000a; Wasserscheid & Keim, 2000b; Mudring, 2010) . The combination of these unique properties gives rise to a surprising number of applications in various areas of science, like synthesis, catalysis, extraction and separation, gas absorption, biomass processing, energy storage and anticancer treatment amongst others (Antonietti et al., 2004; Mudring et al., 2005; Plechkova & Seddon, 2008; Mallick et al., 2008; Wang et al., 2012; MacFarlane et al., 2014; Prodius et al., 2014; Prodius & Mudring, 2016; Dias et al., 2017; Prodius & Mudring, 2018) .
ILs are low melting salts often composed of bulky, asymmetric organic cations and smaller organic or inorganic anions (Bourbos et al., 2016) . A low ionic charge is also favorable for a low melting point. For quite some time, there existed a paradigm that highly charged ions will lead to the formation of high melting point liquids or solids at room temperature due to the high Coulombic attraction between the ions. However, it recently could be shown that this can be counteracted by the ion size (Prodius et al., 2017) . A quindecim charged IL cation was realized by reacting lanthanide sesquioxides with 1-carboxymethyl-3-ethylimidazolium chloride (see compound 1) and lithium bis(trifluoromethanesulfonyl)imide. It was known that ILs functionalized with a carboxyl group have the ability to even selectively solubilize metal oxides and hydroxides (Nockemann et al., 2006; Nockemann et al., 2008) . The metals can be stripped from such a hydrophobic IL by treatment with an acidic aqueous solution. After the transfer of the metal ions from the organic phase to the aqueous one, the IL can be recycled for reuse (Dupont & Binnemans, 2015) . Furthermore, a combination of carboxyl-functionalized ILs with different metal ions and co-ligands results in new representatives of metal-containing ILs with interesting structures and properties (Prodius et al., 2013a (Prodius et al., , 2017 . For such kind of chemistry 1-carboxymethyl-3-ethylimidazolium chloride (1) is indeed a valuable compound as demonstrated by us (Prodius et al., 2017) .
Therefore, in this paper, the results of the synthesis, structural characterization and photoluminescence investigation of a carboxyl-functionalized imidazolium salt, namely 1-carboxymethyl-3-ethylimidazolium chloride, (1) are presented. The data provided here increase our knowledge about an important family of imidazolium-based ILs and their precursors.
Experimental
The The compound was obtained according to the Scheme 1 as described by Prodius et al. (2013b) from 1-ethylimidazole (4.821 ml, 50 mmol) and methyl chloroacetate (4.383 ml, 50 mmol). A white residue was washed with ethanol (3 x 10 ml), dried on air and recrystallized from the water-ethanol mixture (4:1 v/v, 25 ml). Yield: 9.245 g (97%). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 indium. The measurement, composed of two heating/cooling cycles, was conducted in the temperature range of -50÷200 °C under protective nitrogen atmosphere (heating and cooling rate: 10 °C min -1 , gas flow rates: 40 and 60 mL min -1 for heating/cooling and protective gas, respectively).
Photoluminescence measurements
Steady-state fluorescence excitation and emission spectra were recorded on a HORIBA Jobin Yvon Fluorolog 3-222 spectrofluorometer, equipped with a 450 W xenon arc lamp and a R928P PMT detector. The decay curve of fluorescence was collected on the same instrument operating in a TCSPC mode. In that measurement, a Fianium WhiteLase supercontinuum laser combined with a frequency doubler was used for sample excitation. The absolute quantum yield of the fluorescence was measured on an Edinburgh FLS980 spectrofluorometer, equipped with a barium sulphate coated integrating sphere, a 450 W xenon arc lamp and a R928P PMT detector. The phosphorescence emission spectrum was recorded on a SCINCO FS-2 fluorescence spectrometer. The decay curve of phosphorescence was collected on an Edinburgh FLS980 spectrofluorometer operating in a MCS (multi-channel scaling) mode. In that measurement, a 60 W xenon flash lamp and a R928P PMT detector were used for sample excitation and signal detection, respectively. Photoluminescence measurements were performed at room temperature (r.t.) and 77 K.
Results and discussion
The quaternization reaction of 1-ethylimidazole with methyl chloroacetate followed by acidic hydrolysis yields 1-carboxymethyl-3-ethylimidazolium chloride (1). Single crystals of sufficient quality for single crystal X-ray structure analysis were obtained by recrystallization from the waterethanol mixture. The solid-state structure of (1) was established by single-crystal X-ray diffraction analysis. It revealed that the compound crystallizes in the monoclinic space group P21/n. The asymmetric unit of (1) contains one 1-carboxymethyl-3-ethylimidazolium cation and one chloride anion (Fig. 1) . The bond lengths in the imidazolium ring, ranging from 1.319(2) to 1.375(2) Å, reflect its aromatic character ( Table 2 ). The C-O and C=O bond lengths of 1.2005(19) and 1.3124(19) Å are typical for the non-dissociated carboxyl group (Allen et al., 1987) .
Scheme 2 Figure 1
The asymmetric part of the unit cell of (1), showing the atom-labelling scheme. The displacement ellipsoids are drawn at the 50% probability level. Computer programs: SMART (Bruker, 1996) , SAINT (Bruker, 1996) , SHELXT (Sheldrick, 2015a) , SHELXL2014/7 (Sheldrick, 2015b) , DIAMOND (Brandenburg & Putz, 1999) . The neighboring 21-screw-related 1-carboxymethyl-3-ethylimidazolium cations are extended into a helix along the [010] direction (Fig. 2) by weak C3-H3···Cl1 and C1-H1···Cl1 i hydrogen bonds (Table 3) Symmetry codes:
Thermal properties of (1) were investigated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). A crystalline sample of (1) does not show any thermal transition up to 170 °C when studied by simultaneous TG/DSC thermal analysis (Fig. S1 ). As the temperature further increases, two endothermic transitions appear on the DSC curve. The first transition with a peak at 176.7 °C can be ascribed to the melting event. The second transition with the onset at 287.0 °C is assigned to the rapid thermal decomposition in air.
The high melting point of (1) does not allow to qualify it as room temperature (r.t.) IL (Prodius et al., 2013a) . Generally, the melting point of IL is affected by both cation and anion structure. To obtain low-melting IL, a bulky, asymmetric cation with a good charge distribution and a large anion with a small negative charge should be combined (Wasserscheid & Keim, 2000b) . Furthermore, the cation and anion should lack polar groups. It is known that ions with such features are unwilling to form strong intermolecular interactions and show inhibiting action on the crystallization process (Mudring et al., 2010) . Taking all these suggestions into account, large phosphonium cations and variety of perfluorinated anions are good candidates for the construction of r.t. ILs (Prodius et al., 2017) . In the case of (1), the high melting point is related to the presence of weak C-H···Cl and moderate O-H···Cl hydrogen-bonding interactions involving the carboxyl-functionalized imidazolium cation and the chloride anion. To decrease the melting point of (1), the capability of both ions to create hydrogen bonds must be prevented. For this purpose, the carboxyl group of the imidazolium cation can be deprotonated and engaged in the binding of metal ions. On the other hand, the chloride anion can be in situ substituted with, for example, the bis(trifluoromethanesulfonyl)imide one, (F3CSO2)2N -. As a result novel low-melting metal-containing IL can be obtained (Prodius et al., 2013a; Prodius et al., 2013b; Prodius et al., 2017) .
DSC measurements, composed of two heating/cooling cycles, were performed under a nitrogen atmosphere to objectively evaluate phase transitions taking place. In the first heating cycle, an exothermic transition is followed by an endothermic one (Fig. S2) . The first transition with the onset at 70.8 °C is due to the cold crystallization. The second transition with the onset at 167.4 °C is related to the melting process. In the first cooling cycle, only an exothermic transition with the onset at 86.6
°C is found which corresponds to the recrystallization of the melt. In the second heating cycle, the onset of the cold crystallization and melting processes is observed at 73.4 °C and 166.8 °C,
respectively. Most likely the temperature differences originate from only a partial transformation in the previous thermal cycle which is further substantiated by the fact that in the second cooling cycle, the onset of the corresponding recrystallization event is detected at 83.4 °C.
Luminescent properties of (1) were studied at r.t. and 77 K. An exposition of the compound to radiation from the UV lamp (λ ex = 366 nm) allowed to observe at r.t. a blue light during UV irradiation, while at 77 K, a green glow was emitted after its cessation. These observations are in agreement with the recorded luminescence spectra. The excitation spectrum of (1) In the case of 1,3-bis(carboxymethyl)imidazolium chloride, [(HOOCCH2)2Im]Cl, which is structurally similar to (1), the fluorescence band is red-shifted by 35 nm and its maximum is at 445 nm (Farger et al., 2015) . This phenomenon is related to a replacement of the methyl group in (1) with an additional carboxyl one. It is well known that alkyl (methyl, ethyl) substituents have an electronreleasing character while carboxyl groups show an electron-withdrawing inductive effect. In (1), the imidazolium moiety is encompassed by both electron-releasing and -withdrawing substituents, which causes the polarization of the electron density towards the electron-withdrawing carboxyl group. On the other hand, in [(HOOCCH2)2Im]Cl, the imidazolium ring is surrounded by two identical electronwithdrawing groups, which makes the electron density more delocalized than in (1). A better electron delocalization of the imidazolium moiety in [(HOOCCH2)2Im]Cl leads to a decrease of the energy difference between HOMO and LUMO orbitals and the red-shift of the fluorescence band.
At 77 K, after a time delay of 0.05 ms, the fluorescence band of (1) disappears and a new broad emission band emerges at a higher wavelength. The band with a maximum at 500 nm is attributed to the spin-forbidden (corresponding emission spectra, chromaticity coordinates were calculated and marked on the CIE 1931 chromaticity diagram (Fig. S4) . (1) becomes much longer as the temperature decreases, indicating that the room-temperature lifetime comes from the short-lived ( 1 π ← 1 π*) transition while the low-temperature lifetime results from the long-lived ( 1 π ← 3 π*) transition.
Conclusion
The carboxyl-functionalized imidazolium chloride, 1-carboxymethyl-3-ethylimidazolium chloride (1) has been synthesized and characterized. In the solid state, the compound exhibits a three-dimensional 
Figure S3
Fluorescence excitation spectrum of (1) monitored at 415 nm (solid line). Fluorescence emission spectrum of (1) excited at 340 nm (dashed line). Phosphorescence emission spectrum of (1) excited at 340 nm (dotted line). The phosphorescence was recorded with a time delay of 0.05 ms. 
Figure S6
Phosphorescence decay curve of (1) excited at 340 nm. The phosphorescence was monitored at 500 nm.
